The principal purpose of this paper is to examine whether membrane stresses can support topographic loads on planetary elastic lithospheres. It is found that the ability of a spherical shell to support loads through membrane stresses is determined by the nondimensional parameter r = Ed/ApgR 2 where d is the thickness of the elastic lithosphere, AO is the density difference between the mantle and crust, and R is the radius of the planetary body. When this parameter is large membrane stresses can fully support topographic loads without flexure, and when it is small the influence of membrane stresses can be neglected. 
INTRODUCTION
It is now widely accepted that planetary bodies have thin, near-surface shells that behave elastically on geological time scales. Beneath the shell, the elastic lithosphere, the mantle behaves as a fluid. Assuming that the spherical shell with radius R has a constant thickness d the equation for the vertical displacement w (measured positive downwards) is [Kraus, 1967] For loads which have a wavelength small compared with the radius R it is appropriate to neglect both the curvature and hg so that Topography which has a wavelength small compared with the flexural parameter can be supported by the flexural rigidity of the elastic lithosphere and is not compensatedß Topography which has a wavelength large compared with the flexural parameter is not supported and is fully compensated in the flat earth limit. Solutions of (5) as a function of wavelength have been obtained by Banks et al. [1977] and were compared with the cross correlation of gravity and topography for the United States given by Dorman and Lewis [1972] . A similar correlation for Australia has been given by McNutt and Parker [1978] and for Africa by Banks and Swain [1978] .
In this paper we wish to determine whether some fraction of the topographic load can be supported by the membrane stresses in the elastic lithosphere. If the curvature of the surface is neglected then loading is entirely supported by bending stresses. However, once curvature is introduced the horizontal membrane stresses can support the load.
HARMONIC ANALYSIS
In order to study the roles of membrane stresses and bending stresses in supporting topographic loads it is convenient to introduce the dimensionless parameters 
We substitute (23) and (24) into (27) and set coefficients of orthogonal functions equal to zero. The elevation of the geoid will be significant only for low degree terms so that is is appropriate to assume (1 -be/R) n+2 --I when determining hgcnm and hgsnm. With this approximation and assuming that h•/R << 1 we obtain (note that it is appropriate to set r n+l --R "+l to a consistent order within the summations) 
In this limit bending stresses dominate. This result can also be obtained directly from (5) using (17) or (18) (7) . Taking E --6.5 x 10 • dyn/cm 2, Pm --Pc = 0.5 g/cm 3 and R and g from Table 1 the thickness of the elastic lithosphere is determined from (6); then with v --0.25 we determine o from (7). Since the thickness of the crust on Mars is not known it is assumed that bc/R --0. As long as the Martian crust is thinner than 50 km the error introduced is less than 10% for degree 7 or less. In the range n --4 to 7 the data correlate with • -• 0.5. The scattered values for n --8 to 12 reflect the uncertainties in these coefficients. The value for n = 2 is undoubtedly related to rotation and is not relevant to our analysis.
We conclude ? --0.5 may be a good approximation for the rigidity of the Martian elastic lithosphere. The thickness of the elastic lithosphere corresponding to this value of ß is h --175 km. It is seen from Table 1 that this is about twice the predicted value. There are several possible explanations for this fact9r of two difference. One is that the density difference that we have used between mantle and crust is too large. Another is that the extrapolation of the thermal gradient from the earth to Mars may be in error. Mars may have a lower concentration of radioactive isotopes or they may not be uniformly distributed.
It is of interest to determine the relative importance of bending and membrane stresses in supporting topographic loads on Mars. For ? --0.5 the value for o from (7) 
Again taking the derivative of (58) 
CONCLUSIONS
We conclude that membrane stresses play an important role in the support of topographic loads on the moon and Mars. The correlation of observed gravitational potential anomalies with topography on Mars is explained by membrane stresses in the elastic lithosphere. These stresses can explain the unexpected large gravity anomaly associated with the Tharsis uplift. The tensional, azimuthal membrane stresses are likely to be responsible for the extensive set of radial fractures surrounding much of the Tharsis region.
The strong gravity anomalies associated with the mascons on the moon mask any systematic correlation of the observed gravitational potential anomalies with topography. Nevertheless, we expect membrane stresses to play an important role in the support of topographic loads on the moon.
